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ABSTRACT: Ibogaine is a natural alkaloid of Voacanga africana 
that is effective in the treatment of withdrawal symptoms and 
craving in drug addicts. As the synaptic and cellular basis of 
ibogaine’s actions are not well understood, this study tested the 
hypothesis that ibogaine and Voacanga africana extract mod¬ 
ulate neuronal excitability and synaptic transmission in the 
parabrachial nucleus using the nystatin perforated patch-re¬ 
cording technique. Ibogaine and Voacanga africana extract 
dose dependently, reversibly, and consistently attenuate 
evoked excitatory synaptic currents recorded in parabrachial 
neurons. The EDg,, of ibogaine’s effect is 5 pM, while that of 
Voacanga africana extract is 170 pg/ml. At higher concentra¬ 
tions, ibogaine and Voacanga africana extract induce inward 
currents or depolarization that are accompanied by increases in 
evoked and spontaneous firing rate. The depolarization or in¬ 
ward current is also accompanied by an increase in input re¬ 
sistance and reverses polarity around 0 mV. The depolarization 
and synaptic depression were blocked by the dopamine recep¬ 
tor antagonist haloperidol. These results indicate that ibogaine 
and Voacanga africana extract 1) depolarize parabrachial neu¬ 
rons with increased excitability and firing rate; 2) depress non- 
NMDA receptor-mediated fast synaptic transmission; 3) involve 
dopamine receptor activation in their actions. These results 
further reveal that the Voacanga africana extract has one-hun¬ 
dredth the activity of ibogaine in depressing synaptic re¬ 
sponses. Thus, ibogaine and Voacanga africana extract may 
produce their central effects by altering dopaminergic and glu- 
tamatergic processes. © 1997 Elsevier Science Inc. 
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INTRODUCTION 

Ibogaine is one of several naturally occurring alkaloids found in 
many families of African shrubs including Voacanga africana 
(VA) [1,44,48]. Ibogaine and/or VA extracts are powerful hallu¬ 
cinogens [31.36] and various parts of the Voacanga genus have 
been used to induce hallucinations and trances in religious rituals 
in certain African societies (see [12] for review). Although iboga¬ 
ine is known to produce several peripheral and central nervous 
system (CNS) effects (see [12] for review), its best known action 


is that of decreasing the severity of withdrawal symptoms from 
morphine, psychostimulants, nicotine and alcohol, and reducing 
drug craving [12,13.31.42], This effect significantly differs from 
other addiction management approaches in that a single dose 
produces very prolonged abstinence from drug use or craving [31]. 
The mechanism by which ibogaine produces this effect has been 
the subject of intense research because of the potential for treating 
addicts of their drug seeking behavior or cravings [see [40] for 
review]. 

Neurochemical studies indicate that ibogaine interacts with 
several neurotransmitters and their receptors to produce its effects 
[22,40]. For example, ibogaine has been shown to modulate both 
dopamine and serotonin responses by blocking their reuptake 
[22.23,38-40] or by causing their release from cytoplasmic stores 
[14]. In addition, ibogaine also binds to several receptors in the 
CNS, including opioid receptors [3,6,19,27] and the MK-801 
binding site of the NMDA receptor complex [24], In behavioral 
studies, ibogaine has psychoactive and memory-altering effects by 
itself [17,25,28-30] and is tremorigenic at higher doses [7,13]. In 
addition to these direct effects, ibogaine also alters the actions of 
several drugs of abuse, including cocaine, amphetamine, mor¬ 
phine, alcohol, and nicotine L2,4.13,27,32,40], In some studies, 
ibogaine antagonizes or attenuates several behavioral effects of 
these drugs [9,14,37,42] while enhancing or not affecting them in 
other reports [20,21,41]. It is, at present, not clear which of these 
actions of ibogaine mediate its “antiaddictive” effects. 

To begin to understand the cellular basis of these CNS effects 
of ibogaine, its actions on neuronal responses have been examined. 
Intravenous injection of ibogaine has been shown to increase the 
firing rate of ventral tegmental area dopaminergic neurons [11], 
Consistent with its binding to the MK-801 binding site of the 
NMDA receptor complex, ibogaine has been shown to block, in a 
voltage-dependent manner, currents induced by NMDA and to 
prevent glutamate-induced cell death in hippocampal cultures 
[5,29], Furthermore, it has been shown to block NMDA-induced 
depolarization of frog spinal cord motomeurons [24], To our 
knowledge, no study has examined the action of ibogaine and 
related alkaloids on synaptic transmission in the CNS, a likely 
locus for its behavioral effects. This study, therefore, examined the 
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effects of ibogaine and a total alkaloidal extract of VA on para- 
brachial nucleus (PBN) neuronal excitability and on non-NMDA 

receptor-mediated excitatory synaptic responses using in vitro 
electrophysiological recording techniques. The PBN was chosen 
for this study because the biophysical characteristics of cells in this 
nucleus, in addition to the excitatory afferent pathways and inputs 
to these cells, are quite well characterized, permitting selective 
activation of appropriate afferents [33,34], Furthermore, excitatory 
synaptic transmission in this region has been thoroughly eluci¬ 
dated, thus making it attractive for examining the effects of sub¬ 
stances on synaptic transmission [35,49,50]. Doing these experi¬ 
ments in a slice preparation also afforded us to apply known 
concentrations of drugs directly to neurons in a controlled envi¬ 
ronment. 


MATERIALS AND METHODS 

All experiments were carried out in accordance with guidelines 
established by the Canadian Council on Animal Care and were 
approved by the University of Calgary Animal Care Committee. 
The details of all the techniques used in this study have been 
reported elsewhere in previous studies conducted in this laboratory 
[18,35]. 

Slice Preparation 

Coronal pontine slices (400-pm thick) containing the PBN 
were cut from a block of brain removed from halothane-anesthe- 
tized Sprague-Dawley rats (25-40 days of age) obtained from 
Charles River and the University of Calgary Biosciences Breeding 
Colony. The slices were hemisected and incubated at room tem¬ 
perature (22°C) in artificial cerebrospinal fluid (ACSF; pH 7.3- 
7.4) bubbled with carbogen (5% C0 2 and 95% 0 2 ). The compo¬ 
sition of the ACSF was (in mM): NaCl, 126; KCI, 2.5; NaH,P0 4 , 
1.2; MgCL, 1.2; CaCl 2 , 2.4; NaHCO,, 18; glucose, 11. A slice was 
then transferred into a 500 pi recording chamber where it was 
submerged and continuously perfused with prewarmed ACSF 
(32°C) at a rate of 2-3 ml/min. To evoke synaptic responses, a 
bipolar stimulating electrode connected to a stimulus isolation unit 
was placed ventral-lateral to the PBN, close to the ventral tip of 
the superior cerebellar peduncle. 

Nystatin-Patch Recording 

The details of this recording technique have been described 
elsewhere [18,35]. Briefly, nystatin perforated-patch whole-cell 
recordings from PBN neurons were made with glass micropipettes 
(Garner Glass Co.; tip resistance 4-8 Mil) filled at the tip with a 
solution containing (in mM) K-Acetate, 120; HEPES, 40; MgCL, 
5; EGTA, 10. The rest of the electrode was then backfilled with the 
same solution, to which nystatin (450 pg/ml) in dimethyl sulfoxide 
(DMSO) and Pluronic FI27 were added. High resistance seals 
(1-3 Gfl) were made using an Axoclamp 2A amplifier. 

Data Acquisition and Analysis 

After adequate access to the cell was achieved (1-15 min), the 
resting membrane potential (RMP) was estimated. Cells were then 
characterized using standard biophysical criteria [35], Synaptic 
currents were evoked by applying single pulses via bipolar stim¬ 
ulating electrodes (<10V, 40-400 /as) and a stimulus intensity 
that yielded a response 50-60% of the maximum response was 
used for the remainder of the experiment. Three successive syn¬ 
aptic samples were taken 10 s apart, digitally averaged, and stored 
for analysis. All experiments were performed in the presence of 
bicuculline (25 pM) to eliminate any GABA a receptor-mediated 
inhibitory postsynaptic current (IPSC). 


Cells served as their own controls and only cells that showed 
significant (>80%) recovery from any drug effect were included in 
the analysis. Statistical comparisons were performed using analy¬ 
sis of variance (ANOVA) and the Student's r-test and p < 0.05 
was considered significant. In all synaptic current experiments, a 
— 20 mV, 100 ms square pulse was applied 200 ms after synaptic 
stimulation to monitor input and series/access resistance. Current- 
voltage relationships (I-V curves) were generated either by apply¬ 
ing 500 ms step, square current pulses or by applying slow voltage 
ramps and recording the corresponding steady-state current (in 
voltage clamp). In addition to the computer-assisted data acquisi¬ 
tion, continuous records of membrane potentials and currents were 
made on a chart recorder (Gould 2400S). 

All acquired data were analyzed off-line using pClamp pro- 
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FIG. 1. Ibogaine reversibly depresses excitatory synaptic transmission. (A) 
An example of a typical time-dependent effect of ibogaine (5 /i-M) on 
EPSC amplitude (lower panel). Upper panel shows representative EPSC 
traces (average 3-4/trace) taken at the times indicated by letters in lower 
panel. (B) Concentration-response graph showing that the ibogaine-in- 
duced synaptic depression is concentration dependent with an estimated 
EC 5() of 5 juM {n = 2-5 cells at each concentration). 
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FIG. 2. VA extract reversibly depresses excitatory synaptic transmission. 
(A) A time-dependent effect of VA (170 /xg/ml) on evoked EPSC ampli¬ 
tude (lower panel; average of four cells). Upper panel are sample EPSC 
traces taken at the times indicated by letters in the lower panel. (B) 
Concentration-response graph showing that the VA-induced synaptic de¬ 
pression is concentration dependent with an estimated EC S0 of 170 jug/ml 
(it = 2-4 at each concentration). 


grams (Axon Instruments) and a 386 personal computer. All data 
were corrected for any electrode offset observed at the end of each 
recording session. Input resistances for all cells were estimated 
from the step I-V protocol by determining the difference of the 
steady-state current (measured at ~ 150 ms into the pulse) at —70 
and —50 mV. The amplitude of the excitatory postsynaptie current 
(EPSC) was taken as a measure of the magnitude of synaptic 
strength. Data are expressed as mean percentage change from 
control values ± standard error of the mean (SEM). All drugs were 
bath applied by perfusion with ACSF containing the final concen¬ 
tration of the drug. Appropriate stocks were made and diluted with 
ACSF just before application. 

Preparation of VA Extract 

Total alkaloidal extracts of Voacanga africana seeds (ob¬ 
tained from Valley Farms Ltd, Accra, Ghana) were prepared 


using standard extraction procedures | 10,43]. Briefly, dried 
seeds were powdered and defatted using petroleum ether, and a 
crude concentrated extract was obtained by a series of ammonia 
basification and methanol extractions. This crude extract was 
then purified using solvent extraction, pH manipulation, and 
precipitation techniques 143j. 

Drugs Used anti Their Sources 

Pluronic FI27 was obtained from BASF Wyandotte (Michi¬ 
gan); 6-cyano-7-nitroquinoxaline-2.3-dione (CNQX) was obtained 
from RBI. while ibogaine, bicuculline, nystatin, haloperidol, and 
all the salts in the ACSF were obtained from Sigma (St. Louis, 
MO). Stock solutions of ibogaine and VA extract were made in 
63% ethanol and diluted 500-1000-fold prior to application. 

RESULTS 

The results reported in this study were obtained from >25 
neuronal recordings from the dorsal, central, and external lateral 
aspects of the PBN. These cells had RMPs of -53 to —67 mV 
(-60 ± 2 mV). Because the stock solutions of both ibogaine and 
the VA extract were made in 63% alcohol, the possibility that 
some of the effects of these compounds were due to alcohol was 
examined. At low aliquot volumes, the 1000-fold dilutions that 
were applied to the bath resulted in between 0.06-0.08% final 
alcohol content, which had negligible effects. However, when 
large aliquots, such as those used to obtain the highest concentra¬ 
tions of VA extract (e.g., 340 /ig/ml), the final alcohol content was 
about 1.2%. Control experiments (two cells) using 1.2% alcohol 
showed that this concentration of alcohol reduces the EPSC by 
only about 20%. 

Ibogaine and VA Extract Depress Excitatory Synaptic 
Transmission 

Electrical stimulation of the ventral-lateral aspect of the PBN 
in the presence of bicuculline (25 p-M) elicited a pure non-NMDA 
receptor-mediated EPSP/EPSC. because it could be completely 
blocked by the non-NMDA receptor antagonist CNQX (10 pM; 
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FIG. 3. Comparison of ibogaine and VA extract effects on synaptic 
transmission. Concentration-response values from Figs. 1 and 2 have been 
replotted using a log transformation of the concentration for comparison. 
The concentration of ibogaine (molecular weight = 346.9) has been 
converted to pg/ml for this purpose. Dotted lines show points where ED 5( > 
was estimated (1.7 p.g/ml for ibogaine and 170 pgtml for VA extract). 
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FIG. 4. A high concentration of ibogaine induces an inward current in PBN neurons. (A) A chart record showing 
that 10 fj .M ibogaine reversibly induces an inward current in neurons voltage clamped around resting potential 
(holding potential = -65 mV). Note that some of the downward deflections are breakthrough spikes. (B) 
Superimposed steady-state 1-V curves [generated by application of slow voltage ramps (insert) to the membrane 
of this cell] obtained in control (TTX I /xM), in the presence of 10 /xM ibogaine and following washout. Broken 
vertical line mark the region (-50 to -65 mV) where estimation of input resistance was made. Note that the I-V 
curves in control and in the presence of ibogaine cross around -5 mV. 


[35,49,50]). In voltage clamp, 4-5-min bath application of iboga¬ 
ine (0.1-30 /xM) consistently depresses the non-NMDA receptor- 
mediated EPSC in a concentration-dependent manner. Ibogaine 
has a threshold concentration above 0.5 /xM and a maximal syn¬ 
aptic depressant effect at 20 /xM (Fig. 1A and B). The estimated 
ED 50 of this action is 5 /xM. VA extract (17-340 /xg/ml) similarly 
reversibly depresses the evoked EPSC. The threshold for this 
action is about 34 /xg/ml with a maximal depressant action at 340 
/xg/ml and an estimated ED 50 close to 170 /xg/ml (Fig. 2A and B). 
The actions of both drugs are reversible upon washing out the drug 
(5-30 min; Figs. 1A and 2A) and are repeatable following multiple 
applications to the same cell. To compare the actions of ibogaine 
with those of VA extract, the concentration of ibogaine was 
converted from micromolar (/xM) to microgram per milliliter 
(/xg/ml) and the two concentration-response curves were plotted 
on the same graph (Fig. 3). This plot reveals that the VA curve lies 
to the right of the ibogaine curve, a difference of about 2 base units 
or 100 units. This indicates that VA extract has only l/100th the 
potency of ibogaine in depressing excitatory synaptic responses in 
the PBN. 

Ibogaine and VA Extract Depolarize PBN Neurons 

In voltage clamp, bath application of ibogaine (0.1-30 /xM) or 
VA extract (17-340 /xg/ml) induces an inward current that re¬ 


verses upon washout (Fig. 4A). This effect is more robust at higher 
concentrations than at lower concentrations. When steady-state 
I-V curves are generated in control [in the presence of tetrotoxin 
(TTX) 1 /xM| and in the presence of ibogaine, the two curves 
intersect around 0 mV (reversal potential; Fig. 4B). Estimates of 
the input resistance (R input ) of these cells near resting potential 
shows that 10 /xM ibogaine causes a 58% increase in R jnput (n = 
2; Fig. 4B). In current clamp, the inward current becomes a 
depolarization accompanied by increase in evoked and spontane¬ 
ous firing frequency (70-300% increase) of all PBN neurons 
tested (Fig. 5A and C). These postsynaptic effects are also con¬ 
centration dependent, being very small at lower concentrations but 
quite prominent at higher concentrations, i.e., near concentrations 
eliciting maximal synaptic depression (see Fig. 3). A plot of an 
I-V curve from the data in Fig. 5A reveals that the depolarization 
in this cell is accompanied by an increase in R input from 407 Mfl 
to 630 Mfl (55% increase; Fig. 5B) estimated around the resting 
potential. 

Haloperidol Blocks Ibogaine and VA Extract Effects 

Some of the central effects of ibogaine and VA are known to 
occur through an alteration in dopaminergic neurotransmission 
[14,22,38,39]. We, therefore, tested if the observed effects of 
ibogaine and VA were indirect via modulation of dopaminergic 



ACTION OF IBOGAINE AND VA EXTRACT ON NEURONS 


607 


A 


B 


* 

* 

<* 


100 pA 500 ms 


-100 pA 


control 



ibogaine (10 pM) 




Current (pA) 



VA Extract 
(340 pg/ml) 




Recovery 


30 mV 


500 ms 


I +20 pA 


FIG. 5. In current damp, both ibogaine and VA extract depolarize PBN neurons and increase Firing rate. (A) 
Upper panel represents the current steps used to induce the voltage responses in control (middle) and in the 
presence of 10 pM ibogaine (bottom). (B) Superimposed 1-V curves generated from A in control and in the 
presence of 10 pM ibogaine. Note the change in input resistance (R jnpiJI ) from 407 MO to 630 MO (taken at the 
points indicated by dotted lines). (C) Responses of a PBN cell to injection of +20 pA current in control and in 
the presence of 340 pg/ml of VA extract. 


processes in this nucleus by using the dopamine receptor antago¬ 
nist haloperidol. In four cells, haloperidol 50 pM (which by itself 
had no effect, Fig. 6A) blocks the inward current induced by 5 pM 
ibogaine. At this concentration, ibogaine alone depresses the 
evoked EPSC by 50 ± 10% (n = 7), but in the presence of 50 pM 
haloperidol, ibogaine depresses the evoked EPSC only by 5 ± 5% 
(n — 4, p < 0.05; Fig. 6A). In two cells, haloperidol also blocks 
the VA extract (170 pg/ml)-induced inward current and synaptic 
depression (Fig. 6B). 

DISCUSSION 

The results of the present study show that both ibogaine and a 
total alkaloidal extract of VA increase the excitability of PBN 
neurons while depressing the non-NMDA receptor-mediated ex¬ 
citatory synaptic transmission in the PBN in vitro. Ibogaine and 
VA depolarized PB neurons with an increase in the excitability and 
the firing rate of PBN neurons. These postsynaptic effects of 
ibogaine and VA were most likely due to the closure of nonselec- 
tive cationic channels because their actions resulted in increased 
input resistance of the cells and the I-V curves generated in their 


presence reversed polarity around 0 mV. These observed in vitro 
postsynaptic effects of ibogaine and VA are similar to those seen 
in vivo, where intravenous injection of ibogaine was shown to 
increase the firing rate of ventral tegmental area (VTA) neurons 
recorded extracellularly [11]. Because ibogaine and/or VA pro¬ 
duce excitation of PBN and VTA neurons, this may be a common 
action of these compounds on CNS neurons in general and may be 
responsible for their tremorigenic effects as postulated by Deecher 
et al. [7], Thus, in addition to the possible action on sodium 
channels [7], ibogaine and VA may act at a nonselective cation 
channel to increase excitation. 

The synaptic effect of ibogaine and VA revealed by this study 
adds another dimension to the repertoire of possible mechanisms 
by which ibogaine and related compounds may alter CNS function 
to produce their central effects. Because glutamate is a ubiquitous 
transmitter in the CNS and acts on non-NMDA receptors to cause 
fast synaptic transmission, modulation of this effect by ibogaine 
would profoundly affect several other central actions of ibogaine. 
The micromolar EC 50 of this effect also indicates that ibogaine is 
quite potent at modulating the non-NMDA receptor-mediated re- 
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FIG. 6. Ibogaine and VA effects are blocked by haloperidol. (A.) A summary graph showing the block by 
haloperidol of ibogaine's effects on synaptic transmission (lower panel; n = 5 cells). In the upper panel are 
superimposed synaptic traces taken at the times indicated by letters in the lower panel. (B) Sample synaptic 
responses showing haloperidol blockade of VA-induced synaptic depression. 


sponse ill this nucleus. This contrasts with the lack of effect of 
ibogaine on non-NMDA receptor-mediated responses in cultured 
hippocampal neurons [5], This difference in effect may be due to 
several reasons: first of all, both the postsynaptic and synaptic 
effects of ibogaine in the present study are probably indirect via 
dopamine. Because the other study [5] was done in a pure culture 
system that only examined the direct actions of ibogaine, such 


indirect effects of ibogaine could not be examined. Second, it is 
possible that the synaptic responses recorded in the PBN are 
mediated purely by AMPA, rather than by a mixture of AMPA and 
kainate receptors, of which only the latter was examined in the 
hippocampus. Third, it is possible that ibogaine may selectively 
modulate synaptically located non-NMDA receptors rather than 
the extrasynaptic receptors that were likely examined under culture 
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conditions. Finally, although not thoroughly examined in this 
study, a possible presynaptic action of ibogaine to decrease gluta¬ 
mate release can explain the observed synaptic depression. In the 
culture studies [5], presynaptic actions of ibogaine on terminals 
from other cell types could not be examined. Such a presynaptic 
action is most likely the case, as ibogaine is reported not to affect 
AMPA/kainate binding [30] and AMPA-induced postsynaptic re¬ 
sponses in frog spinal cord motorneurons [24], One of the cur¬ 
rently popular mechanisms by which ibogaine may produce its 
antiaddictive action is by modulating NMDA receptor responses 
through interference at the MK-801 binding site (reviewed by 
[31]). A presynaptic decrease in glutamate release will be pre¬ 
dicted to be additive to its reported blockade of NMDA receptors 
[24,291 because less glutamate will be available to activate NMDA 
receptors. Conversely, it is possible that such an effect will, in the 
long run, make less effective ibogaine’s NMDA receptor blockade 
by decreasing the initial depolarization (provided by non-NMDA 
receptor activation) required to open NMDA channels to permit 
ibogaine to bind to the MK-801 site, which is an open channel 
binding site and blocker [5], 

Both the postsynaptic and synaptic effects of ibogaine and VA 
observed in the PBN may be indirectly mediated by their action to 
alter dopamine levels, because we could block them with haloper- 
idol, a dopamine receptor antagonist. Although the literature is 
replete with opposing reports of ibogaine’s effect on dopamine 
turnover, such differences may be due to time- and dose-dependent 
effects as suggested by Glick et al. [121. More recently, it was 
demonstrated that ibogaine caused dopamine release from nonve- 
sicular (cytoplasmic) pool without affecting reuptake [14]. There is 
also evidence that ibogaine does not directly interact with dopa¬ 
mine receptors [7,46]. The haloperidol blockade of the actions of 
ibogaine and VA would suggest that these compounds act (in a 
time frame of 1-5 min) to induce sufficient increase in extracel¬ 
lular dopamine, which then acts on presynaptic dopamine recep¬ 
tors to cause decreases in glutamate release and, hence, a decrease 
in non-NMDA receptor-mediated fast EPSC. This is quite likely 
the case, as there is evidence of dopaminergic projection to this 
nucleus arising from dopaminergic cells in the VTA [16]. Consis¬ 
tent with this hypothesis, we found that direct application of 
dopamine to this preparation produced similar depression of the 
EPSC (unpublished observation). Similarly, in the nucleus accum- 
bens, dopamine has been reported to act presynaptically to de¬ 
crease non-NMDA receptor-mediated EPSCs [15,26], 

The present study reveals a hitherto unreported effect of ibo¬ 
gaine in the CNS that may contribute to its central effects. This 
effect is due to a known action of ibogaine, i.e., the modulation of 
dopaminergic levels (see [40] for review). Because most drugs of 
abuse are known to act in mesolimbic dopaminergic areas to 
produce their effects [8,47], if ibogaine and related alkaloids act 
similarly in psychotropic brain regions such as the nucleus accum- 
bens and the limbic cortical areas, then this action may contribute 
to its hallucinogenic and antiaddictive actions/effects. If. however, 
this action is unique to the PBN, then it would be toxicologically 
relevant information because the PBN, although not proven to be 
involved in the action of drugs of abuse, is an important regulatory 
site for visceral functions. Such an action may underly the visceral 
effects of ibogaine and related alkaloids [31,45]. 

Our investigation also examined the effects of a total alkaloidal 
extract of VA that contains ibogaine as one of its major constitu¬ 
ents. Comparison of the actions of ibogaine with those of the 
extract did not reveal any qualitative differences in their actions. 
Quantitatively, the extract appears to be a hundred times less 
potent than ibogaine in depressing the evoked EPSCs. This finding 
suggests that the VA extract can serve as a natural herbal source of 
ibogaine capable of producing similar neuronal effects to ibogaine. 
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